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(57) Abstract: 




PURPOSE: A micro switch using 
an electrostatic force and a 
method for manufacturing the 
same are provided to transfer a 
high current by using an 
electroplated metallic film. 

CONSTITUTION: A micro switch 
using an electrostatic force 
comprises a ground surface, a 
lower electrode, an upper 
electrode, and a hinge. The 
ground surface is formed on a 
substrate. The lower electrode is 
formed at a position separated 
from the ground surface. The 
upper electrode is formed at a 
position separated from the 
lower electrode, and is moved 
upward and downward by the 
electrostatic force with the lower 
electrode. The hinge is fixed to 
the ground surface, and 



supports the upper electrode 
with a resilient force. 
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^ =?mo\ J\^o[ll, dlS xHai(<dry etching processes)^ OlgSfOI ^mm ^0\D\ 9\m ^BDl^m 0\^m QFOIB^ ±^X\ 

^ M^o[D\ ^9.^M, D\m ^o\\ ^§ m^^^ sxis^i-. ^oi sxi^ a^oioii ^§>taig :?fxii2 

£|0i D\X\Jl X|X|of^ tlXIM S&5^01 ^^£|01, XHSg^g OlgoHAI ^^§£112. 21^ dli] xHdlM 0|g6P| (Qi^Oll 4^ 

MOI ^12, £^e[ E|e,^(electroplated metallic film)g Olgoh^l mmO\\ feg 3^0! :?^^o^01 S^go^t A^gS^ 4- SiCf. 

□i5£ 
£5g 

A«0!Qj 

SAIIA1 

£ 1 g ^ ^^SOil CE}^ 4 :'hX| gEH£| □^0l3^ ^?|x|oj 
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(b)^ B ^^SOil me e^^2](caDacitive) :^^x| 
£ 3 e g ^^SOil IHM eiXI 
£ 4 ^ S ^SOII ^Va^3f flXI2f°l 

SE 5 ^ e ^^soii mm ^B:)mm o\mm dfoib^ ±mx\9\ m i ^aioiioii oefe ^i^ ssse 

£ 6 g £ 3 c5J tlXIM ::^^X|I2 £ 5 SI mo\0\ t^i^X] BS£ 

£ 7 ^ s ^^soii §a:?i^M o\mm n\o\B^ ^^^^ixisi xii 2 ^'Aioiioii mm si!£ 
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a a^gg Alri^gjOil mm ^9.^. mB\ § 2 :? I ^(electrostatic force)M OieSfOl ^^3^ O^OIB^ ±^X\ ^ D ^mO{\ ^^e^ ^q\q 

2Xf ^^^m ^o\d\ii 9i9o\, o\d^m A\±mmM 3d\s\^9\ ibis. ^=?, m m^m^i mo\o\d\ 

M ^^x|(swltch):?h 6^0\J1 9JiC}. 

m\Il mJ^ S^OI Mgan ai^ ^^xl^ FEKFIeld Effect Transistor), 2E^ PIN aoi2H2^ H}£3tll ^^x| (semiconductor switch) 

m oia. 

nenu &oi &^£x^l ^mm tpi s^^^oi bcm, g2(isoiation)oi oi^oiiixi sffe esi B^mm aia. 

0I2^ o}£EX|| i^?|xlSo| cfgg S&oPI ?loH ^1^ DhOIBS :?i:>il(micromechanical) :^¥lxlS2| 05;p:?^ Ol^OiXIH 



^XtH, ^^§A| Sg^OI 312, Oils xH£| (wet etching processes)^ 0|g6PI X-||^^£|:»I ttH^OII ^#01 ^CHXI^ ^J^\J[ 9JiO. 
mn, Ahg9 E|°4metallic film)2J ^mJ\ ^'0[M S^g(power application) Oil ^ 3 A\mo\ m:}[^o\Q. 

m^M ^ ^M^m mmm^\ mm e^#t^ ^9.^M, xm21 ^eoi D[^o\11^ OlIS xH£| (dry etching processes)^ 01 

mo\o\ 4^mm ^oi^qi 3 ^^01 sia. 

^ ^^S2| SE am £e(electroplate)t[ E|°|(metalllc film)M 0\^o\0\ 3 SWM 2^1? 4^ 5K)1 S^e(power application 



^^of:?i ^ ^^soii mm ^^D\^m oigsh ofoib^ ^^xi ^ xii^s ^ss ^oii ^§ zt^m i^^3 
£1^ sxi23f. ^oi gxig^ Afoioii :?fxi3 m^2^:3f. ^oi 6h¥2^ ^oii gjsjsi >idiM ¥3 m^^o\ ^oi m^s^^fsi 

§2:^1^011 2J6H e^ioi^ ^¥ -fef:?i axieoii 3§£jE>i :>txi3 ^oi xixiar^ tixiM ssrshoi ^^a^cii 

S ^^SOil (G^ Qm ^Oll O^i^H^J MHS ^^6F3. ^OI a4-:?HS| MH2.K)1I J\\ 1 Oil^(metals)e e^^moi oh¥£i^:i}f s 

xi^^ s^of^ asoii ^^eg 3i!o^3 nH©6K)j c:i^:?hsi dioKvia) mhm ^^s^3. e::}4^:?hsi dlo^ MHe^oii ;9i 2 oii^g 

^:3i ;9i 2 oii^ ^oii MiH#m 311^3 mhm ^^5K)i, m^oioii ;qi 3 oii^(metais)e e^^oK>i tixis g^m^ 
sixi ¥1011 ^^s^si oii>^ m^m mm Q^o^9\ mE^m m^mn, q^d^9\ mhokhi ;cii 4 oii^(metais)g m^mo\ oii>^(mass)s 

e ^SOil ^^g^ X^se^§ OlgsHAI ^mm ^ ai3, OilS xHdUdry etching processes)S 0|ga^::»l miSOil 4^eo| ^3, £^ 

e^ HI °t (electroplated metallic film)M OlgoPI (fflgOll feg SWHJ 2^01 :?^^o^0i S^go^S A\mm ^ 9lCk. 

S m^S\ QB gy Sl!SM^ §¥t^ £9s ^A|011^2| ^M\m M^m M6H Sei|8Hi! 5!0ia. 

s ^^soii ajM §s:?i^M olg^^ ohoias >i?ixi xiis gjasi bh^^it^ ^ai dioii m\o\ s¥t^ ^^mb\ ^ssfs a^^f ^a. 

£ 1 ^ ^ ^^soii QjB 4 ::?^xl ^ehbj o^olBS ^^xisi ^^ssai, £ is :?i& ^oii zi^m m^^^ sxl^{20)3^, ^oi s 
xi^(20)3^ ^'szi^e ¥3 g^sjoi Mm. A^gm^ m¥ 3^(10)11^. ^oi m¥ 3^(10) ?ioii ?]E\m ¥3 ^^£1CH ss::'! 

^011 2I6H m^0\^ 2^(40)J2^. SXm(20)3l S^(40)0il oj^^lCH. :^^X|3 ^Ol 2^(40)e X|X|6^^ ojXK 

30)^ ?^SP. . 

OI2f ^^01 feOI ^¥2^(40). elXI(30) 3dl3 SXie(20)^ Si^l^jo^ S^£ICH 2Aa. 

©eiAl ^Ol SXI2(20)]}f o^¥2^(10)0|| ^¥S^(40)^ SX|S(20)2f slXI(30)M mm gii. oiOH 

o^¥S^(10)3f ^^¥S^(40)AmiOIIAi ga::>I^OI m^B\0\ of¥S^(10)3J2| ^'§:>1£IM :?FXI3 2i0 ^^¥2^(40)01 ^:?i 6^¥a 
^(10)S| ^o\m^9^ s^OISAl >i?ISOI Ol^OiSP. 

^Ol £ 1 a. b. c, dOilAl 201^ :^i?ix|2J ^¥ 3^(40)^ i^l^^S £|X|{30):?F CHS^g SOF^^ 2^XI(bridge) Ef^(type)o^ g§ 

51 ehS^Sl ?50ICf. 

3£iu oia i^g «^xi Ei^ >i9ixi HIS: m^m mo}o\ ^ 91q. 

S^(40)e :^l^^^ £1012ife &]XI(30)2J Oilir s^ffis Dhsji s^og^ 3 >i?|x|fe 2H g 3! tH (cantilever) E^gjo^ £101 2^ 

XI Eigjo^ 9 iii:?ixi ecl CH xisg^o^ ^mm ^ ?iq. 
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£ 2 ^ e ^SOII GUM o^^a=2| =?^^^M, £ 2 (a)^ XHS^SI (resistive) ±mx\ ?^£ OjH. £ 2 (b)^ g^^Si(capacitive) ± 
?jx|^^£OlCI. 

£ 2 (a)OlI UEItH THg^^SJ ^^x\D\ d^m m m^0\^ ^^¥2^(40)01 SOIX^ 91^ M\ 1 <M^<y(11)3f HI 2 61^^(12)^ S^AI 

iJo^Mi, 1 M 2 iMs^(i2)si illoit.K:f. 

m\:n £ 2 (b)oii uEitu g^^si m 1 <MS<y(ii)3^ m 2 ^sd(i2)oi aim q^sicm si:q, xii 1.2 6i^d(ii)(i2) ¥ioii 

xu^3)^\ m^B\o\ ^q. 

n^M ±^x\D\ d^m OH §^01^ ^va^(40)oi ^^x^l(13)2^ sxiaoi hi 1.2 iy^<y(ii)(i2) Ahoioii gjnie^^ mmm mm 

£ 3 E ^ ^^SOil mm ^X\9\ :?^£^Ai. £ 3 (a)^ ^'^l^oj ^^OjH £ 3 (b){c)b £ 3 {a)S\ £g,^M ^50IP. 

£ 3 (b)(c)2f ^^01 ^^:?| £iXl(30)£J £S>^e "L"Xf £2>^0IU XI3XHZl(zigzag)e?l ^^6K)^ ^^¥2^(40)2] g^gJM X|X|^^ dH m 

^£1^ &W m^(residual stresses)^ eS^^Mi, XH 4- 91^ SUFB 

mm £ 4 ^ g ^^SOil (n^ tlXl^f^ ^^£^/H, £ 4 (a)^ ^Ol ^^¥2^(40)011 011^ (mass) gi^ ^^£0112, £ 4 (b) 

(c)(d)b ^Ol ^^¥3^(40)011 Oil :^ (mass) ^^£^A1, 01lii(mass)2J £iXI(30)M =?^^0\Q. 

^:}\ £ 4 (b)(c)(d)2^ ^^01 ^Ol ^^¥2^(40)01! Oil ^ (mass) Sl£^ ^^^o^Mj ^^^£^ ^^:'l ^^¥a^(40)3^ ^¥2^(10)01 S 

xj^ cm ^^:»i ^^vs^(40)ol ^^ansoi aoi ^^o^:Hl m^oiai. oj:?^£^ 30^011 qish snie^iisi ^sf::^^ ^^(linear)o^ ^s^6^:Hl m ^ sici. 

e ^^soiiAi Hieis :±:?ixi^ a:?i£se oigmw. au, cu, Ni, NiPee oii^(metai)Moi oiesci. 

012^ ^01 =?^^ e ^^soii mm mBD\mm o\m^ o\o\h^ ±^x\ ^ £sm ssoK)i ^^Allol ^sofs ae^f ^^a. 

HI 1 ^AIOII 

£ 5 ^ ^ ^^SOIl Q>e Ole^^ Q^O|B^ :^^X|£| HI 1 ^AIOIIOII DCfg Hl^ g§S UEiyi S§£^Ai, £ 5 a2f ^^01 :?IB(50)^0il 

2^£|£^ M|£#(60)M m^mQ, 

^Ol M|£#(60)0| D\^9\0{\ Se.|Oiai£(polyimide)(76)M SUSHI ^CH^ (curing )th ^. IIH© ^¥DI^(AI) 0^i^32^ ££^0| Oil 

O\mmo\ P^;H°I M£(10)(20)g ^^e^CI. 

0101 mmom u\^Hm Hi>i5m m^B q^dw9\ g£(io)(20) 2}m a:?i£SM oigoK>i auu cu2f ^^oi m^^m mm 

(metals)M 

om ^01 mm^ 5^¥a^(io)3f gxis(20)^ ^^£[ 5!oia. 

OIOH ±^X\9\ =i^^D[ gg^ ±^X\o\ S¥ ofU^ &^:'l oF¥ 2^(10)?! Oil ^^efds)^ ^^gogjyt], ao| 6F¥2^(10)01I iJEIEJiii 

21 aSFM 0|g6^01 >^¥IS0| 0|^0iXI£^ ^^OlCf. 

HeHAi £ 5 b2^ ^01 £!S0|| ^a^^(13)m SgoHl &0| of¥5!^(10) ^^OIIEI m^^^^3)o\ y£^ nH^isia^a. 
om m^^l)3)S M£IW (polymer), ^•S^M(silicon nitride), ^A^0|£(sillcon oxide). 3E^ ^5!^^ 

nam ±9\x\2\ :?^d\ xm^ ±^x\2i £ 8 °j ^^£2f ^^oi ^d\^^9.^ mm m 6f¥a^(io)oii sHem^ oii^^ 
2|2| M£i0K)i s^mzi, ^:7i m^m m^m^{^Q)m ^m m^m ^¥ ^!^(40)e mmM s^oi oi^oisip. 

inaiAl ^?|X|OilAl ^'QfV ^Qe,Ml3)e :i:?lx|Oll Ai^ ^'Q SJCI. 

0101 £ 5c2F ^^01 aSOII SSBilXl^iM (photoresist) (71) SE^ M£IO|D|£(polyimide)(71)M ^ W Oil! (curing) of :n ^:?| SXIS(21) ^ 

Oil ^0| S sai XI (photoresist) (71) SEfe M£IO|Q|£(polyimlde)(71)S ^^2jo^ ^M^ISfOI ^:?| 3X13(21)011 oHSm^ ¥^011 dIOKvia) 

g£(2i)M 

OICQl ^Ol SM5ilX|^^(7i)^ 5 Mdl:4iD EH El (photolithography) SofOI ^^:>l blOKvia) M£(mold)(21)g m^o\ll, MaiOIOI£(7 

1)^ Oils AtgoFO^ ^^:>rH|Of e£(21)M g^shQ. 

OI2f ii^OI ^:?| blOf M£(21) S:?l£3m OlgoFOI Au £^ Cugg es^t^Q. 

0101 £ 5d2F ^01 asoil gf^ Ml£e(61)e ^, S S Ell XI (photoresist) (72) £fe M£IOIOI£(polyimide)(72)S 33011 

Dam &^P| MI£e(61)¥g2J SmaiXI:6e(72) £^ M£I0ID|£(72)M S| ^^o\ll ^ 01 H (curing) of « sJXI(30)g M£e 
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£ 5e2^ ^^01 MH&fOil Olgmol Ni. NIFe i^^(alloys), Au. Cu. Ag, Al e^'oKX ei XI (hinge) (30)M 

Om ^Ol sixioo)^ i^IHEiij (sputtering) S£^ e^Mevaporation)^ OlgoKM mmm IIHiiySH/d 4^ 2iP. 

0101 £ 5 f2f ^01 ^Xl(30)^01l (73)M 0|go^01 ^VS^SJ S^M CI^^^HSi MHM ^^o^H, O^D^2\ 

Oil fe^ CHI ^ (metals) e e^^6^01 Oil>^(mass)» &^¥S^(40)^ S^e^Q. 

mm □^XI^^o^ £ 5g2f ^^01 ^^:?l SMailXl^e(70)(7i)(72)(73). Md|0|Q| = (70)(71)(72)(73), ZldlH M|Ha(60)(61)e i^Sl^o^ 

o\m ^m^\x\±^^ >!^' oiis xHdiM oiemoi, ^oi me.ioidih^ oii^' xjdiu o^Aiiee oigohoi t^u. 
nam £ 6 ^ e 3 csi aixia :?fxiii £ 5 si g§e mom ^mx\ b^sm ueilhsicii. 

HI 2 ^'AIOII 

SE 7 ^ ^ ^^SOil §2:?I^M 0lge^ OhOIB^ :^^¥lx|2| Xi\ 2 ^A|0||0|| (1^^ Xil^ S§M UEftH g§£^Al, £ 7M XII 1 ^Aj 

OlIOIlAi feOI m¥S^(10)3t 3X1^(20)21 §^(£ 5 a ~ E 5 c)mx\^ ^^•o^°^ ^Sts^Cf. 

nam x-iir^ ^^xis^ r^^xisi SE^^ ^a'Sha. 

OlOi £ 7 d2f ^^01 M|HS(61)M SSOl! SgoHI, ^:?l M!H#(61) ?IOil SSeilX|>::MM ^ mOj ^Ul 5^¥S^(10)^0II 

^ MH(72a)g SX|S(20)^0||^ d|0^MH(72b)g ^^ehCf. 

mm E 7 eSf ^01 b|0^ MH(72b) §^ MH(72a)2.K)ll 011^ (metals) M e^^moi ^¥3^(40)^ S^s^Cf. 

OlOi ^Ol ^^¥2^(40)^011 SmailXI^^S ^ i!!!i«2«og ^^^a^Oj MH(73a)« ^^t^Q. 

nam £ 7 f2f ^^01 ^^:?l MH(73a)&f0il ^D\^^m OieohOI Ni, NiFe f^e, Au. Cu, Ag. Al B fe^ 0||^(metals)M e^^ohOi 

£lXI(30)M ^^E^a. 

OIIH £!XI(30)^ ^IHEj^'(sputtering)om ^^^(evaporation)^ 0\mo\0\ m^'^ ^\mm M^^mM 4= E 910. 

32-112 OrX|°fo^ E 7g2f ^^Oj ^Oj SMillXI >iM(70)(71 )(72)(73), MdlOj □IH(70)(71)(72)(73). 3£II1 M|He(60)(61 )^ <y§i^o^ 
^^^go^Z/tj ±^X\D\ HI a. 

OlffH SMEIIXI::^^^ Olllj XHdIM OlgohOl, MdlOIDIH^ OIIS xHdIU OF/dieM OlgoFOI ehCI. 
M 3 ^AIOII 

£ 8 B e mSOil (Ef= §s:?|^^ Oles^ QhOIB^ ^^X|2J M 3 ^A|0l|0|| X||S ^E^yi feOI XHI 1, 2 ^AIOII^ 

^ >i?|x|5i HISS§£0|I1. XII 3 ^AIOII^ :^mX\9\ HI^SSEOjCI. 

cEjafAi £ 8M M 1 ^Aioii2f xii^ g§oi §^ohDi xFoig^ o^e^^2^ ^a. 

XII 1 ^AjOIIOil £ 5 a2| ^SOIIAl B\L\^ 5^¥^^(10)e E 8 aSF ^01 Q^D^9Ji o\^^^{^0)m ^^|S^01 ^^5^sa. 

zidin xHi 1 ^Aioiioii [0M£5b-E5g 33^xlollAl m^^'^m m^o\x\ 
SEe[ XII 2 ^Aioiioii ca^ XII2& s§ ^Ai ^:?|2^ HIS s^o^E xll^:^^ :?^^6^a. 

omoim M^m msk s ^^soii crt^ ^B^mm o\mm o^oibs ^ xii^ g§s ag^f sia. 

^Wl, XH^g^e OjgoHAl ?§£|I2. 21^ OIIS XHBIM OjgSPI IIIISOII 4-MOI ES£^ El (electroplated metallic film)M OlgoPI 
HH^OI! fe^ S^OI :?h^oF01 Si^go^E A^m ^ 9XQ. 

mm, Jl^m C««OllAi ^CUgo^ gAi a\^^, OI^OKphase shifters). e^EIIU #U. 4*61:31, ^lilDl, iaiOIXIH OiaiOl ehEim(phas 

ed array antennas)2f ^^Sg mo\\M A^§£|0^ S3fM UEI^ 4^ ?1C}. 

^Se^ L«gM g6H SSXf£fS ^ ^^SS| ::'|^ A^^^M OI^SFXI 0hL|5F^ g^OilAI Q^^^ ^3 ^ 4-§0| ^ SiM ^jOjCf. 

ocjeiAi. = ^'Ai ojjoii :)iHis t^gsi^ 5ioi ofuei ^oi s^sj g^ioii °imoi §6Hxio^ t^p. 

(57) S?2| 

^011 ^'s e^^^ 5^12 sssi^ sxissf. 

^:)\ SXI^ AFOIOII ^§>1£IM :?^X|:Q 5^¥51^3f. 
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^=?^ 2. 

M 1 S^Oil SlOiAi. 

^^E^3. 

HI 1 ^^011 ?JiO\M. 

£lX|^ "1", "L", DdlH XI DXHH (zigzag) e (><i= 6^21 28^°^ ^^£1^ ^S^^ 0|ge[ DfOia^ ^^x|. 

4. 

H1 1 troll ?jio\M, 

^oi sixi^ o^o^^ ^^a^ §2:'i^e oigt[ □^ol3^ 

S^l>^ 5. 

^^E^^ ±^^m 9\m ?^2Hsoi stoi a^m:Hi m^ois^ m:?i ^sh oii>i(mass) ^§0^ ^^D\^m o\m 

:?ie ^011 □^:)H°i m^m ^oi ci4=:?H2j mhok)ii z-ii 1 oii^(metais)m m^'B\o\ mvs^^f sxi^g g^m^ 

Seoil s|Ay^g ^Ejs^ii IIHeBK>1 a4^:)H°i HIOKvia) MHS ^^aHI. ^^::>l HIO^ MEo^O^I X-jl 2 Oil^S 

^Ol HI 2 011^ ^\0\\ M|H#e 3il5m MHM ^^6h01, M^ohojj xi| 3 Oil ^(metats)M ^^^oKiM tlXia ^^^b 

^^:'i tixi ?ioii tui^ o^ns] m^m m^mn, Q^ns\ m^2im hi 4 oii^(metais)e m^o\o\ m±(mass)m 

401 si^e MiE#e ^dsi^io^ 4i|2Voh^ ^^m s&afoi oi^chxi^ ^s^s o|g^^ dfoibs ±^x\ his 

^^tr 7. 

HI 6 WOil SiCH/d, 

D\m ^oii s^i^o^ s^sis^ Minee s^e^^ o\mm o^oib^ ±9\x\ his g^a. 

8. 

HI 6 f^Oil ?JiO\M, 

^01 oi^ee 21^ Oils (dry etching) mt: m^9.^ ^BDi^m oie§[ D^o|B^ ±9\x\ his g>^S. 

§^f[ 9. 

HI 6 iroil SiCHAi, 

sssiixi>^M SE^ MaioiDiH m ch!=l ohUM Afgm^ m^9.^ ss:?!^^ o|gt^ u\o\b^ ±mx\ his 

s^tr 10. 

HI 6 iroil SiCHAi, 

g^^2i r^^^ixiei ^^:?l m¥2^3f sxi^M ^^5^^ ^01 sxia ?ioii ^s^im 3§e^ ^ IIHeyo^^ s§m ch ssoK)< oi¥ 
01X1^ m^9.^ ^^omm o\mm qfoib^ ±mx\ his ^^s. 

§?t>^ 11. 

hi 9 a>^01l 9JiO\M, 

g^Qlg MejCH (polymer). ^'£ie llS^M(sil^con nitride). ^M0l = (silicon oxide). SE^ i^^S mm m 0\}=^ o\U2} 

^ of^ §s:?i^^ oig?[ OFoias >i?ixi his g^.g. 

S^iJ 12. 

HI 6 IJOll SiCHAI. 

xit>^^2j ^^x|oi 3^ av:j| 5F^s^3f sxi^g ^^m^ ssoiiAi ^01 gxise o^o^^ m^o\^ ^s^s §a:?i^e o|g£^ 

±mx\ HIS giS. 
13. 

HI 6 IJOII SiOIAI. 
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^Ol ill 1¥Ei M 4 Ag. Al. Au. Cu. Ni. NiFe i.^^(alloy)eOil>M CHiir o[^2} ^S^^ SS:?!^^ 0|ge^ O^OIBM ± 

14. 

m 6 soil £iOi/H, 

^=?^ 15. 

Xil 6 i>^OI! 9JiO\M, 

AO! ^l|2^8^^ ^S011>M ^Ol m^m e MEIOIOIH^ 0ll^» xnai (dry etching process)M Olgam. ^m^\X\±^t: oils xHdl 

SE^ ojAiiem oigofoi ;Eii:>im^ ^s^s 6^fe ^mD\^m olg^^ d^oibs ri:?ixi xiis ^s. 

16. 

:?ie ?ioii Q'^Dm m^m m^mn. Mne^oii o^¥^!^3^ sxi^ m^m xii i oii^(metais)e e^^sh^ 

ssoii §\^mm ^mmn n^o\o\ ct^^m uioKvia) mhm §^6^2. o^d^bi tiiof gHo^oii m 2 mmm m^o\^ 

M 2 011^ ^011 m^mm ^umii. ^01 mih^ ^oii ^noni mmo[o\ o\^^^ ^o\\^ m^m sxia ^011^ tilo^ 

MHM ^^ohOI, m^210\\ ^^m^ hi 3 Dll^(metals)M e^^m^ gg. 

^^¥2^ ^Oil SS£||X|i^::^M 0\^B\O\ ess ^^Sm. ^^:)| MEo^0!l mx\ m^m m 4 Oil^Cmetals)^ g^^SF^ 

^01 ojAg* Qj MiHgm <MiH^og ^2^6^^ ssmo^ oi^oixi^ ^s^^ o\mm □^olB^ ^^^xi xii^ 

^^it 17. 

fli 15 iroil 910\M. 

o\x\^ ^s^s o^fe o\mm u\o\b^ :^^x\ his g^a. 

§^l>^ 18. 

hi 15 8,^01! 2A0]/H, 

x-^s^^2J >i:^x|oi S¥ ^:?i ^^21^5^ sxiss ^^oF^ s§oii/d sxias a4-:>H^ s^o^^ 5!g m^^^ sf^ §s:?i^s oigt^ 

OhOIB^ ±9\X\ HIS ^^a. 
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